Significant outcomes  Deficits in the depressed group were particularly prominent in the domains of attention and executive function.  The attentional deficit persisted statistical control of variability in executive function whilst the executive deficit did not survive statistical control of variability in attention, indicating that the executive deficit may be secondary to the attentional deficit in major depressive disorder.  Attention was negatively associated with illness duration.
Background
Cognitive deficits 1 constitute a well-established feature of major depressive disorder (MDD; (1) ). Encapsulated in the Statistical Manual of Mental Disorders (5th ed.; DSM-V) as a "diminished ability to think or concentrate, or indecisiveness" (2) , they have been empirically demonstrated throughout the course of the illness, from the first episode into remission (3, 4) . Their clinical importance has been supported by associations with greater disability in life and work functioning as well as an increased risk of relapse (5, 6) . Cognitive deficits in MDD have been found to affect several domains, including executive function, processing speed, attention and memory (7-9).
Whilst cognitive deficits represent an established feature of MDD, the relative impact of and interrelationships amongst deficits in different cognitive domains remains poorly understood (10) (11) (12) (13) . To merely describe the cognitive deficit profile in depression as 'broad' would fail to acknowledge both the hierarchical organisation of human cognitive processes and the complex interplay between these processes. Crucially, the conceptualisation of any observed deficit profile is fundamentally altered if the processes assessed do not operate independently but are instead secondary to reductions in more circumscribed, core functions. As such, deficits in different domains may represent relatively independent processes with distinct neurobiological underpinnings or may be secondary to a primary cognitive deficit in a single domain (14, 15) .
The interrelationships amongst deficits in different cognitive domains have been studied most extensively in depressed patients over the age of 60 (late-life depression; (16) ). In this group, executive function and processing speed have been identified as the most pronounced of the deficits (17, 18) with contributions to deficits in other domains, such as episodic memory and language skills (14, (19) (20) (21) . Similar to what has been demonstrated in normal ageing (22) , performance in simple speeded tasks has often been found to account for a large proportion of depression-related variance in executive function as well as in overall cognition (14, 15, 20, 23) . Such evidence has indicated that a primary deficit might be driving the broader cognitive deficit in late-life depression.
The interrelationships amongst deficits in different cognitive domains have not received the same attention in the younger segment of the adult depressed population years). Relative to older adults, younger depressed patients exhibit less severe cognitive deficits, particularly in the domains of processing speed and executive function (24). In a meta-analysis of depressed patients of all ages, Snyder (25) argued that deficits in processing speed tasks could not fully account for the executive deficits. However, this conclusion was predominantly based on numerically smaller effect sizes for measures of processing speed compared to executive measures. Thus, it remains unclear whether the cognitive deficit in younger adult depressed patients is the result of a primary cognitive deficit, similarly to late-life depression, or the result of several relatively independent deficits originating in different cognitive domains. (27) .
Aims of the study
The present study sought to investigate the hypothesis that a primary deficit in attention underpins the deficits in other affected cognitive domains in MDD. Importantly, for the hypothesis to be supported, the attention composite had to account for deficits in other affected cognitive domains as well as not being fully accounted for by variability in another cognitive domain. In an exploratory effort, the present study also investigated the impact of episode severity and illness duration on performance in different cognitive 
Neurocognitive assessment
The neurocognitive assessment was designed to assess the cognitive domains of attention, executive function, visuospatial and verbal memory. All tests were administered according to standard procedure to allow comparison of results with other studies using the same tests (33) . Tests were grouped according to the cognitive domain most commonly attributed to the particular test. Ability in each cognitive domain was estimated based on a minimum of three tests to increase the probability that the findings were reflective of the commonality of several tests (e.g. executive function) as opposed to being specific to the methodology (e.g. motor requirements) or scope (e.g. cognitive load) of a particular test (34) . The use of composite scores is an established method in cognitive research for minimizing measurement error by a principle of aggregation (35) .
The attention and executive composites were derived from subtests of the same tasks by a method of subtraction (the subtraction method is used to derive a purer measure of executive function by better separating it from attentional demands; see Statistical
Analysis section). Below we describe in detail the measurements that constituted each cognitive domain and how they were derived.
Executive Function
Three tasks were used to assess executive function and attention: the digit span from the WAIS-R (36), the Stroop Neuropsychological Screening Test (37) and the Trail Making Test (38) .
The subtests were selected to capture three subcomponents of executive functioning: updating, inhibition and set-shifting (39) . The reverse digit span from the WAIS-R (36), in which participants were required to remember and repeat a random series digits in reverse order, was used to assess the updating component.
The number of digits in each string increased as the task progressed with two trials for each string length. Memory span was defined as the longest string length at which participants answered correctly on both trials. To separate the executive component from the attentional demand of simply maintaining a string of digits in working memory, forward digit span (see Attention) was subtracted from the reverse digit span. Consequently, the score carried forward to the executive function composite only constituted the executive aspect of the task, i.e. the ability to reverse a string of digits.
The Stroop Neuropsychological Screening Test (37) was used to assess the inhibition component of executive function. In the incongruent condition of this task, interference is created between word reading and color naming by presenting participants with color words printed in a different color than the word itself denotes (e.g. the word 'green' written in red ink). By asking participants to name the color of the ink, the habit of reading the word itself has to be inhibited. The task also included two control condition, one of which required participants to name the color of crosses as quickly as possible. Response times in this control condition were subtracted from response times in the incongruent condition.
Consequently, the score carried forward to analysis reflected the ability to inhibit the habit to read the color word, separate from the ability to attend to and name colors.
Finally, Trail Making Part B (38) was used to assess the set shifting component.
Participants were required to connect a series of numbers and letters in ascending numerical and alphabetical order respectively, alternating between numbers and letters, as quickly as possible. Time taken to complete the task was measured. In order to distinguish the executive component of shifting between two sets from the attentional demands required to follow a single set, Trail Making Part A (see Attention) was subtracted from Trail Making Part B. Consequently, the score carried forward to the executive function composite only constituted the ability to shift between two set orders, separate from the ability to follow a single set.
Attention
Four tests were used to assess attention. In Trail Making Part A task (38) , participants were required to connect a series of numbers in ascending order as quickly as possible. The two control measures in the Stroop Neuropsychological Screening Test were also included in the attention composite, where color naming and reading speed required participants to name the color of crosses and read color words printed in black ink as quickly as possible, respectively (37). All three tasks are expected to capture attentional abilities whilst not placing significant demands on executive function.
The final task that contributed to the attention composite was the forward digit span from the WAIS-R, in which participants were required to repeat a random series of aurally presented digits (36) . Whilst the task required attention to maintain the digit string in working memory, it did not involve any executive manipulation of the material. Memory span was defined in the same way as reverse digit span.
Visuospatial Memory
The visuospatial memory composite was derived from three tests: the Visual Patterns Test (VPT; (40)), the object-location memory task (OLM, (41)) and the Newcastle Visuospatial Working Memory task (NSWM, (42)).
The VPT assessed short-term memory for visual patterns. Participants were shown visual matrix patterns for 3-s after which they were required to reproduce each pattern on an empty matrix after a short delay. The matrix patterns progressively increased in size with three trials for each size and difficulty level.
The final score on the task constituted the last level at which all three trials were correct.
The OLM task was developed to distinguish between three distinct processing mechanisms relevant to visuospatial memory: object processing, visuospatial location processing and object-to-location binding (41) . In this task, participants were presented with a grid containing 10 objects for 30 seconds on a computer monitor. Subsequently, the objects disappeared and reappeared in a random order on a row above the square frame. In the position-only condition, all objects were the same and at recall the objects had to be relocated to their exact positions. In the object-to-location binding condition, all objects were different and at recall objects were relocated to their previous positions, which were indicated by black markers. In the combined condition, the two processes were combined and participants were asked to relocate ten different objects without marked positions.
Performance in the position-only and combined conditions was measured in terms of displacement error. Performance in the object-location binding condition was measured by the number of objects that were correctly placed on their respective marker. Two control conditions were also administered but were not used in the analyses.
In the NSWM participants are required to search visuospatial locations (cups) for a hidden ball. The essential rule of the task was that once a ball had been found in a particular location, it would not appear there again. There was always the same number of balls to be found as there were locations, starting with 4 and progressing to 12. Two types of errors are recorded in the task: between-search errors, which referred to returning to a location in which a ball had already been found, and within-search errors, which constituted returning to a location which had already been found to be empty in the within the same search sequence. Only between-search errors were carried forward to analysis.
Verbal Memory
The Rey Auditory Verbal Learning Test (RAVLT; (43)) was used to assess verbal learning and immediate and delayed verbal memory. Participants were required to repeat a list of 15 aurally presented words immediately after presentation (A1).
This procedure was repeated for the same list another four times (A2-A5).
Subsequently, participants were presented with a second distractor list, which also had to be repeated immediately after presentation (B), after which they were required to recall the first list again (A6, immediate recall). After an approximate delay of 20 minutes, participants were asked to recall the initial list from memory without another presentation (A7, delayed recall). The subsequent recognition test, where participants were presented with a list with words from the first and second lists and new words and had to determine the source of the words, was not used for analyses. The verbal memory composite was derived from the total number of recalled words (A1 to A5, verbal learning) and from the immediate recall (A6) and delayed recall (A7). However, since the standard delayed recall index at trial A6 and A7 is critically dependent on the number of words initially encoded (i.e., is confounded by words learned at trial A5), the percentage of words retained from trial A5 at A6/A7 were used to provide a better index of retention per se (A6/A5*100; A7/A5*100).
Statistical analysis
Pearson's correlational coefficients were used to evaluate the validity of the subtraction method for the tests of executive function and attention. Specifically, a weaker correlation between the attentional subtest (x) and the derived measure of executive function (y-x) compared to that between the attentional subtest (x) and the executive subtest (y) would provide support for an improved separation of attentional and executive capabilities through the subtraction method 2 . Pearson's correlational coefficients were also used to investigate the relationships between the cognitive composites.
Composite clustering was performed according to the cognitive domains most commonly attributed to the particular test. The composites were created by calculating an average of the relevant z-scores for each measure. Supplement (s1) presents the measurements that constituted the composites of executive function, attention, visuospatial memory and verbal memory. When Shapiro-Wilks test showed that the variables did not meet the assumptions of normality, log or square root transformations were applied. Only when the transformations resulted in an improvement of the normality of the variable was the transformed variable used. Z scores rather than raw scores were used for calculations of the composites, so that scoring schemes across tasks were standardized. These were derived from the raw scores with the formula (Xindividual-μcontrol / σcontrols). The former part of this equation was reversed for tasks in which a high score indicated poorer performance.
A multivariate analysis of covariance (MANCOVA) was conducted to investigate group differences in overall cognitive ability. All cognitive composites were included as dependent variables, group (patient vs. controls) represented the independent variable and age, gender and premorbid IQ were entered as covariates. Subsequently, multiple 2 For example, the Trail Making Test has Parts A and B. Part B is generally considered a measure of executive function (shifting). However, the same motor/attentional demands required to complete part A are similarly involved in the performance of Part B. Therefore there is typically a moderate-to-strong correlation between Parts A and B. If instead the 'difference' is used (i.e. time to complete Part B minus Part A), it leads to a greater dissociation between the motor/attentional component and the 'purer' shift component.
regression models were used to test the ability of one composites in accounting for between-group variance in another. To this end, a hierarchical method was used by which the first composite represented the dependent variable and the independent variables were added sequentially in an enter-model, starting with the all the demographic variables (age, gender, premorbid IQ), then the alternate composite and finally group membership (patient vs. control). Similar multiple regression models, restricted to the patient group, were tested to explore the effect of illness characteristics on the cognitive composites.
All reported p values are two-tailed and no corrections have been made for multiple comparisons.
Results

Demographic and clinical characteristics
Demographic and clinical characteristics of the depressed group and the control group are presented in Table 1 . There were no statistically significant differences between the depressed group and the control group regarding age, gender and premorbid IQ. As a group, the depressed patients were experiencing a moderately severe depressive episode, had experienced several years of the illness and were generally taking antidepressant medication.
{Inset Table 1 (Table 3 ).
{Inset Table 3 about here} Considering the significant composites identified in the MANCOVA, attention and executive function, the next set of analyses assessed the ability of one of the composites in accounting for between-group variance in the other. Two multiple regression models were therefore tested, the first with attention as the dependent variable and the second with executive function as the dependent variable (Table 4) . In Model 1, after accounting for demographic variables and executive function, group membership still accounted for a significant portion of the additional variance in attention (p=0.014). In contrast, in Model 2, after accounting for demographic variables and attention, group membership did not account for any additional variance in executive function (p=0.196).
Considering the potentially limited validity of the subtraction method for the digit span test from the WAIS-R, the regression models were repeated with composites that did not include the digit span test (s2). The outcome of the analyses remained the same for both models, as demonstrated in the supplement (s3).
{Inset Table 4 about here} Another set of multiple regression analyses were conducted to investigate the effect of illness duration and illness severity on performance in the four cognitive domains (Table   5 ). These analyses were restricted to the patient group (not being relevant to the control group). Illness duration was significant in the model implicating attention as the dependent variable, with a longer illness duration being associated with worse performance (p=0.005). Illness severity was not a significant variable in any of the four models.
{Inset Table 5 about here}
Discussion
The present study found evidence for cognitive deficits in the domains of attention and executive function in a currently depressed sample relative to a matched control group. This is consistent with previous investigations demonstrating a multifaceted cognitive profile in depression, with particular resemblance to the pattern of deficits previously demonstrated in late-life depression (12, 18) . Consequently, the hypothesized primary deficit in attention was assessed by evaluating its interrelationship with the deficit in executive function. In support of the hypothesis that a primary deficit in attention underpins deficits in executive function, group membership explained no additional variance in executive function once attention had been accounted for. In contrast, group membership continued to explain a significant portion of the variance in attention, even when executive function had been accounted for in the model.
The results of the present study suggest that the cognitive deficits in depression may be secondary to a primary deficit in attention. This would be in line with the notion that the cognitive profile in depression can be explained by deficits in more circumscribed, core processes (14) . Given the speeded measures contributing to the attention composite in the present study, the results can also be considered consistent with previous findings in latelife depression demonstrating that a deficit in information processing could account for deficits in other affected domains (15) . Attention was also the only composite that demonstrated a relationship with a clinical variable, namely illness duration. With no significant relationships with symptom severity, this suggests that the attentional deficit is more likely to be the result of the accumulating burden of illness than of the severity of the current episode. In the context of previous demonstrations of moderate attentional and executive deficits even in remission (1) , this finding appears to support the proposal that such deficits represent trait-like effects in depression (27) . However, since all patients in the present study were symptomatic at the time of testing, future investigations will be necessary to reach a more definite conclusion in regards to whether the attentional deficit in depression is a state or a trait effect, or a combination of both.
If a primary attentional deficit is indeed underlying the broader cognitive deficit seen in depression, it will be of great importance to identify its neurobiological underpinnings.
Whilst such neurobiological causes are likely to originate from multiple sources with complex interactions, a potential candidate is white matter lesions and reduced white matter integrity. White matter has been identified as an important contributor to agerelated decline in processing speed and executive function, which both rely heavily on attentional resources (44). White matter abnormalities have also been reported in affective disorders (45) (46) (47) (48) and have been found to particularly severe in individuals with a greater burden of depression (49) . It is therefore conceivable that white matter abnormalities may represent one important contributor to the attentional deficit demonstrated in the present study (50, 51) .
It should be noted the executive and attention composites were derived from the same tasks, which comes with the risk of inflating the relationship between these particular composites. Importantly, however, this overlap in task procedure also allowed for the careful experimental separation between attention and executive function, which represents a strength of the present study. Directly related to this separation, the validity of the 'subtraction method' was statistically supported for two out of the three tests used and the analysis of the interrelationship between the domains remained unchanged when the analysis included only those tests with supported validity. Also, despite the close relationship between attention and executive function, the results of the present study nevertheless demonstrate that the two composites differed in the extent to which they could account for between-group variability in the alternate domain. Another advantage of the assessment of executive function was that the selection of subtests was based on an established framework of executive function, where each subtest aimed to capture each of the distinct constructs (shifting, inhibition, updating; (52)).
An important limitation of any study using composite scores is how tests are selected for the relevant composites. Given the small sample of the present study, a data driven approach for composite construction was not possible (e.g. principal component analysis). The findings therefore necessarily rest on the assumption that the included measures tap the intended cognitive domains. Another limitation is that complete data was not available for all participants for all tests, which reduced the statistical power for some of the analyses. Limited statistical power also hindered a correction for multiple comparisons, such as the Bonferroni correction, which represents an additional limitation of the study. It is also worth mentioning that since all tests and subtests were administered in a standardized manner and in the same order for all study participants, potential learning and order effects could not be evaluated.
Finally, it is important to acknowledge the limitation of the used statistical methods in establishing a causal of for attention in driving the executive deficit. Such causal inferences could be made possible in future investigations by experimentally manipulating attentional and executive demands and carefully examining its effects on the overall cognitive profile in depression. Future investigations could also consider including additional/alternative measures of attention and executive function in order to examine the process specificity of the interrelationship between deficits in the two domains in depression.
In conclusion, the present study provids evidence for a primary deficit in the attentional domain in a sample of symptomatic MDD patients of working age. The use of cognitive composites and the careful separation of cognitive domains, particularly of attention from the highly related executive function domain, allowed an evaluation of the interrelationships amongst deficits in the two affected cognitive domains. Future investigations incorporating experimental manipulation of cognitive demand will be necessary to further delineate the role of attention in the cognitive profile in MDD and its neurobiological underpinnings. 
